Introduction
Common anions such as chloride (Cl -), nitrate (NO3 -), sulfate (SO4 2- ), carbonate (CO3 2-) and bicarbonate (HCO3 -) ions are usually present in natural water, and acid components such as sulfur dioxide, nitrogen oxides, hydrogen chloride and carbon dioxide (CO2) are exhausted from stationary combustion sources or automobiles. It is important to analyze common anions and carbonate ion simultaneously in these samples. Free carbon dioxide in water is usually determined by a nomographic or a titrimetric method, 1 and total carbonate in water is determined by the strontium chloride-hydrochloric acid titrimetric method or infrared absorption method. 2 Carbon dioxide in air and exhaust gases is usually analyzed by a nondispersive infrared analyzer, gas chromatography, 3, 4 conductometric sensor, 5 and the like. The present author's group has already reported some analytical methods for cyanide compounds [6] [7] [8] in water and plating solutions, and for acid components 9, 10 in flue gas, by suppressed ion chromatography.
Although inorganic anions in water are usually determined by suppressed ion chromatography, CO3 2-and HCO3 -ions can not be determined, because Na2CO3 and NaHCO3 are used as the eluent. Therefore, CO3 2-and HCO3 -ions are determined by indirect photometric chromatography using the phthalic acid eluent, 11, 12 by ion exclusion chromatography using a water eluent, 13, 14 or by non-suppressed ion chromatography using a boric acid-ethylenediamine buffer eluent. 15 In addition, the total organic carbon in water is determined by thermal combustion ion chromatography. 16 This paper describes a determination method for carbonate ion in water by suppressed ion chromatography with a conductivity detector and an EG 40 eluent generator. In addition, an absorbing solution of carbon dioxide was examined and applied to the determination of carbon dioxide in boiler flue gas and automobile exhaust gas.
Experimental

Apparatus
The chromatographic measurements were performed using a Dionex system DX 500 ion chromatograph equipped with a conductivity detector. The sample loop size was 25 µL. A separator column (IonPac AS17) with one guard column (IonPac AG17) and an anion self regenerating suppressor (ASRS-Π) was used at room temperature. Potassium hydroxide (KOH: 10 -25 mM) eluent was prepared from water using an EG 40 eluent generator at the flow rate of 1.0 mL min -1 . The suppressor regenerant was also prepared from water in the external mode (100 mA). The water was degassed using helium. In order to evaluate the ability of an absorbing solution to collect CO2, three absorption bottles (100 mL) equipped with a fritted glass bubbler (pore size 40 -50 µm) were used in series.
Reagents
All chemicals used were of the highest grade commercially available.
2-Aminoethanol (monoethanolamine: MEA), 2,2′,2″-nitrilotriethanol (triethanolamine: TEA) and 2-amino-2-methyl-1-propanol (AMP) were used as the absorbing solution for CO2. The standard carbonate ion solution (10 g L -1 ) was prepared by dissolving 1.767 g of sodium carbonate in 100 mL water or 5% AMP solution and diluted to the appropriate concentration before use. The standard anion solutions (1000 mg L -1 ) for ion chromatography were purchased from Kanto Chemicals (Tokyo). The standard carbon dioxide (CO2: 5% in nitrogen), Although anions are usually determined by suppressed ion chromatography (IC), carbonate and bicarbonate ions can not be determined, because a mixed solution of sodium carbonate and sodium hydrogencarbonate is used as the eluent. This paper describes an IC method for the determination of carbonate ion and common anions using an IonPac AG17/AS17 column, an EG 40 eluent generator and a conductivity detector. The proposed IC method could determine carbonate ion and anions within 6 min. The relative standard deviations (n = 5) for chloride (0.4 mg L -1 ), nitrite (0.8 mg L -1 ), carbonate (100 mg L -1 ), nitrate (1.0 mg L -1 ) and sulfate (2.0 mg L -1 ) ions were 5.1%, 1.1%, 4.2%, 5.1% and 1.1%, respectively. In addition, the absorbing solution of carbon dioxide was examined, and 2-amino-2-methyl-1-propanol was found to be a good absorbing solution. The proposed IC method was applied to the determination of carbon dioxide and acid components in flue gas and automobile exhaust gas.
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E-mail: nonomura_makoto@member.metro.tokyo.jp standard sulfur dioxide (SO2: 110 ppmv in nitrogen) and standard nitrogen dioxide (NO2: 110 ppmv in nitrogen) were purchased from Taiyo-Toyo Sanso (Tokyo). These gases were diluted with nitrogen using a gas divider (STEC, Kyoto).
Purified water used during the present experiment was prepared using a Milli-Q plus from Millipore (Tokyo).
Procedure
In order to separate carbonate ion from the common anions in water, the eluent concentrations, the carbonate ion concentrations and the effects of the common anions were examined to obtain the optimum analytical conditions. Several types of absorbing solutions (MEA, TEA, AMP) were used to evaluate the absorption efficiency of CO2. A 25 mL volume of absorbing solution was taken in the absorption bottles and standard CO2 gas was passed through them. Subsequently, the absorbing solution was transferred to a 50 mL volumetric flask and separately diluted to 50 mL with purified water. An aliquot of the sample solution was injected into the ion chromatograph and carbonate ion concentration was determined. At the same time, the temperature and pressure were measured, and then the concentration of CO2 was calculated. The sampling device was almost the same as the one previously reported. 9
Results and Discussion
Effects of eluent concentrations on the retention time of carbonate ion
The effects of various concentrations of the KOH eluent on the retention time of carbonate ion (50 -1000 mg L -1 ) were examined, using the IonPac AS17 separation column. The results are shown in Fig. 1 . The retention times of carbonate ions were shorter with the increase in the concentration of the KOH eluents. In the case of the carbonate ion concentration of 500 mg L -1 and the KOH eluent of 10 -25 mM, the retention times of the carbonate ions were 5.37, 4.05, 3.08 and 2.55 min, respectively. When 25 mM of KOH eluent was used, the retention time of the carbonate ion in 50 -1000 mg L -1 was in the range of 2.60 -2.50 min. It is also seen in Fig. 1 that the retention times of the carbonate ions are shorter with the increase in the concentration of carbonate ion.
Chromatogram for the mixed solution of carbonate ion and anions
Generally, natural water, drinking water, mineral water, acid rain and absorbing solutions of exhaust gases contain Cl -, NO2 -, CO3 2-, NO3 -and SO4 2-ions.
Thus, a suppressed ion chromatogram of these anions by the proposed method is shown in Fig. 2 , where the concentrations of these ions are 2, 4, 100, 5, and 10 mg L -1 , respectively, and that of the KOH eluent was 20 mM. As is seen in Fig. 2 , the carbonate ion peak was tailed, because H2CO3 was adsorbed at the ion exchange membrane in the suppressor, after then desorbed gradually. The CO3 2-peak appeared between the NO2 -and NO3 -peaks, which allowed to analyze anions within 6 min.
Analytical figures of merit
The calibration plot of the peak area versus the concentration of carbonate ion is shown in Fig. 3 , where carbonate ion in the concentration range of 10 -100 mg L -1 in the 5% AMP solution was examined. The correlation factor of the calibration plot was 0.9980, although the calibration plot was not a straight line. The determination limit of the present method was found to be 5.5 mg L -1 , and a blank value of carbonate ion in the 5% AMP solution was 7.0 mg L -1 . In addition, the experimental precision as the repeatability was examined using a mixed anion standard solutions (Cl -, NO2 -, CO3 2-, NO3 -and SO4 2-) by the present method. The results are shown in Table 1 .
The relative standard deviations (RSD, %) of the replicate measurements (n = 5) were 1.1 -5.1% for common anions and 4.2% for CO3 2- ion (100 mg L -1 ).
Collection of CO2 and other acidic gases in alkanolamines
The present author already reported the facile collection and ion chromatographic determination method of real flue gas. 10 When a 5% TEA absorbing solution was used, Cl -, NO2 -, NO3 -, SO3 2-, SO4 2-and high concentrations of CO3 2-ions were detected. However, the CO2 collection was incomplete, and interfered with the close NO2 -and NO3 -peaks. 10 In recent years, alkanolamines are used for the recovery of CO2 in power plant flue gas. 17 Thus, several kinds of alkanolamines such as MEA, TEA and AMP, and their concentrations were examined for the collection of CO2 (0.2 and 1.0%), where three absorbing bottles were used in series. The absorbing solutions after collection were analyzed by the proposed ion chromatographic method. The results are shown in Table 2 and typical chromatograms for the first absorbing . Column, IonPac AG17/AS17; eluent, 10 -25 mM KOH (EG 40 eluent generator); flow rate, 1 mL min -1 ; detector, conductivity detector; suppressor, ASRS-Π; external mode (100 mA); sample, 25 µL; temperature, room temperature. Fig. 2 Ion chromatogram of the mixed solution of carbonate ion and anions. Column, IonPac AG17/AS17; eluent, 20 mM KOH (EG 40 eluent generator); flow rate, 1 mL min -1 ; detector, conductivity detector; suppressor, ASRS-Π; external mode (100 mA); sample, 25 µL; temperature, room temperature. solution are shown in Fig. 4 .
When the MEA (5%) was used, no CO2 was collected in three absorption bottles. When the TEA (5%) was used, some CO2 was collected in three bottles, but the collection was incomplete. When the AMP was used, a high concentration of CO3 2-peak appeared in the first absorption bottle, and all of CO2 was collected in the first absorption bottle. The AMP (10%) was the best absorbing solution for the collection of CO2.
A mixed gas of SO2, NO2 and CO2 was prepared using standard gases and a gas divider, and collected in the two absorption bottles (100 mL) containing 25 mL of AMP (10%) solution. The absorbing solution was transferred to a 50 mL volumetric flask and 1 mL of hydrogen peroxide (1%) solution was added; then the mixture was diluted to 50 mL with purified water. In order to oxidize the SO3 2-to SO4 2-, it was heated at 80˚C in a hot bath for 10 min. After cooling, the sample was determined by the proposed ion chromatographic method. The chromatograms are shown in Fig. 5 . NO2 -, CO3 2-, NO3 -and SO4 2-ions were detected in AMP absorbing solution, and a small Cl -peak was also found in the absorbing solution. Thus, the AMP (10%) was a good absorbing solution for the collection of acidic components as was the TEA solution. 9 Since no interferences among the Cl -, NO2 -, CO3 2-, NO3 -and SO4 2-peaks were observed, the proposed ion chromatographic method could be applied to the determination of CO2, SO2 and NO2 in power plant flue gas.
Determination of CO2 and acidic components in boiler flue gas and automobile exhaust gas
Samples of boiler flue gas and automobile exhaust gas were collected in two absorption bottles containing 25 mL of AMP (10%) solution, then determined using the proposed ion chromatographic method. The boiler flue gas was directly collected in the absorption bottles, and diluted 250 times with purified water before the analysis. The automobile exhaust gas was diluted with a large volume of air using a constant volume sampling apparatus (CVS). The results showed that high concentration of CO3 2-peak and Cl -, NO2 -, NO3 -and SO4 2- peaks were detected in the absorbing solution from the boiler flue gas and the automobile exhaust gas. The concentrations of CO2 and acidic components, in the boiler flue gas and the automobile exhaust gas are shown in Table 3 . When the IonPac AS7 separation column was used, it took 28 min for the boiler flue gas analysis, 10 while the proposed method could analyze the sample within 6 min. 
